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THE SUPPLY OF SCIENTISTS AND ENGINEERS 



. I'd li}ie to thinK that my 
participation on this auspicious 
occasion is « reflection of the ex- 
cellent c?)operatiop over the y^ars 
between ^ Rensselaer Polytechnic 
Institute apd General Electric, 
and especially GE's Research and 
Developnjent Center. This close 
working reIfiti?5Bi^p was epito- 
mized durpg the past year by the 
Iward of ^ Nobel Prize to one of 
our mutufil associates and 
friends, Ivat Giaever. Ivar was 
taking co6rses at RPJ at 'the time 
he did his Nobel Prize-winning 
work at GE. (By/the way, it's 
rumored that after ivar got start- 
ed on that work, one of his col- 
leagues^ at the R&D Center asked 
him: "Ivar, ve you sure all this 
fiddling with superconductive 
tunnehng wont interfere with 
your education?*') 

Wei],' we don't insist, or 
even expept, that every one of 
our joint e^forta must result in a 
Nobel Prize. But I dp think there 
are some thmgs industry and uni- 
versities Car^ tell each other. I'm 
looking forward to such a dia- 
logue on today's topic, the sup- 
ply of scientiists and engineers. 



From my point of view, pre- 
vious discussions of the supply of 
scientific and technical people 
have overemphasized numbers. 
This excessive attention' to quan- 
tity introduces two dangers. 



Surplus and Shortage 

First, it leads to wide 
swings in support of, and interest 
in, engineering. Frankly, our 
manpower data and forecasting 
techniques just aren't good 
enough to support many of the 
generalizations that have been 
based on them. The historic roll- 
er coaster of real or apparent sur- 
plus, followed by shortage, is in 
part a result of short-term swings 
in support. It also reflects the 
way students perceive their fu- 
tjare job opportunities, superim- 
posed on an educational pipeline 
four to eight years long. Engi- 
neers might define this situation 
as an undamped system with pos- 
itive feedback, not helped at all 
by the surprising lack of reliable 
manpower data. 



Second, engineers and sci- 
entists aren't standardized prod- 
ucts that can be categorized like 
steel ingots or tons of coal. The 
quality and preparation of each 
individu8d the universities pro- 
duce is just as important a3 — re- 
ally more important than — the 
total number of science and engi- 
neering graduates turned out. 
Furthermore, in the long run, the 
quality of. these individuals could 
influence the demand for engi- 
neers and scientists. Certainly, 
no business or social system can 
afford to support relatively inad- 
equate or inefficient technical 
workers. Organizations can turn 
to other alternatives, such as the 
importation of technology, or they 
can change their strategies so as^ 
to compete' on the basis bf other 
strengths,, 

. For this reason, I'd like to 
discuss my subject under three 
headings, not only quantity, but 
also quality and preparation. To 
put -it another way. those of us in 
industry are going to need large 
numbers of people from the uni- 
versities in the years ahead. But, 
more importantl)^.,. we're going to 



need very goo<} people, and we're 
going to need people prepared 
with a realistic picture of the 
problems and opportunities they 
will confront. 



Assuring Quantity 

On the subject 'of fore- 
casting the quantity of scientists 
and engineers, Figure 1 tells a 
story of past failures. Those 
beautiful future projections of the 
total U.S. employment of engi- 
neers — the straight lines — 
were made by the Bureau of La- 
bor Statistics just prior to the two 
periods indicated. What really 
happened is marked * 'actual." 
Indeed, the situation is even 
worse than it appears here, be- 
cause the number of "actual 
engineers" is the number of peo- 
ple who reported to the Bureau of 
Census and other surveys that 
they beheved themselves to be 
employed as engineers. 
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Figure 1 

John Alden of the Engineer- 
ing Manpower Commission esti- 
mates that at least 40 percent of 
these people are not engineers by 
professional society criteria. On 
the other hand, he also estimates 
that 45 percent of the people 
holding engiijeering degrees are 
not working as engineers. 

*So, many of the figures we 
have available are, at best, some- 
what nebulous. However, we do 



have some slightly harder num- 
bers. This year, it seems safe to 
assume that about 64,000 B.S., 
M.S., and Ph.D. degrees in engi- 
neering will be awarded. Fig- 
ure 2 shows the number of such 
degrees awarded each year back 
to^ 1920. The postwar impact is 
evident enough, but surprisingly 
the post-Sputnik buildup is not as 
apparent as one m ight exj^ect . 
And it will come as no surprise to 
many in academia today that the 
1974 totals are below those of a 
couple of years ago. 
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Figu'^e 2 - 

How about the 



future? 



Well, the previously illustratfed 
problems with the Bureau of La- 
bor Statistics projections point to 
the dangers of trying to make ex- 
trapolations. The recent history 
of studies sponsored by leading 
technical societies has been 
equally disastrous. 

So, I could be conservative 
and estimate that U.S. engineer- 
ing schools will be producing 
60,000 graduates per year in 
1980, without much change by 
the year 2000 (Figure 3). Or, I 
could estimate 75,000 in 1980 and 
90,000 in 2000 (Figure 4). Or 
maybe you'd prefer a middle-of- 
the-road projection (Figure 5) . 
The point is that we have insuffi- 
cient data for making really reli- 
able estimates. And, of course, 
demand will have a great deal to 
do with the eventual supply. 

One thing that might make 
the top line more likely is interna- 



tional competition, especially be- 
tween the United States and the 
Soviet Union. The most reliable 
annual figures on engineering 
graduates in the U.S.S.R. are 
from 1961 through 1965, but you 
can see in Figure 6 that during 
that period their *'diploni" gradu- 
ates outnumbered our total grad- 
uates by more than two-to-one. 
There is some difficulty in com- 
paring figures for the twO nations 
because of different definitions. 
In this regard, it might be noted 
that just last month a new. lj[.S. -• 
^U.S.S.R. agreement for standard- 
izing and exchanging this kind of 
information was signed. In any 
event, these numbers should help 
dispel any complacency we may 
feel about U.S. .leadership in 
engineering. 
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In discussing the U.S. po- 
tential for engineering graduates, 
it might appear that theni is a 
"ceiling" on the number of 
young Americans who havo both 
the desire and the ability to 
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become scientists and engineers. 
During the 1960s — ^tfie period 
from Sputnik to Appflo - some 
believe that we re^hed that ceil* 
ing. During th^ period, about* 
3.6 percent off U.S. 18-year-olds 
went on to ^epeive bachelor's de- 
grees in science and engineering. 
As the glamor of space dimin- , 
ished aft^r 1970, this percentage 
feU off/ 




Ftgore 5 



USSR Engineering 
Oiplon)" Graduates 



U.S. Total Engineering 
^ Graduates 



Figure 6 

But does^this mean that 3.6 
percent is the highest we can ex- 
pect to achieve under the most 
favorable circumstances? Not 
necessarily. There** s a catch to 
that number. You see, that **3.6 
percent of U.S. 18-year-olds" re- 
ally means that about 6.1 percent 
of 18-year-old men, but only 1.1 
percent of 18-year-old women, 
went on to get degrees in science 
and engineering. And the figures 
for minority-group , 18-year-olds 
are even lower* than those for 
women — less than 1 percent. 



Obviously, women and mi- 
nority groups rejjp^esent a sub- 
stantial source of potential techni- 
cal talent that this^ nation has not 
been'using to its best advantage. 
This situation certainly should , 
and will, change. 



Assuring Quality 

Now, let's turn to the^at- 
ter of quality of the product. At 
our R&D Center, we try to keep 
an eye on the quality of the scien- 
tists, and engineers turned out 
each year by the universities, es- 
pecially the Ph.D.s. Fortunately,* 
so far we've seen nothing to indi- 
-cate any decline. However, I can 
see a couple of possible concerns 
regarding the future cape^bility of 
this nation's technical and scien- 
tific talent. 

One of these concerns is the 
changing role of foreign countries 
in providiirg a substantial share 
of the top-qualiCJ^ students in U.S. 
engineering schools. Specifically, 
. it has been estimated that fully 
one-third of the engineering doc- 
torates awarded by U.S. universi- 
ties in recent years have gone to 
foreign nationals. In the past, 
many of these highly talented and" 
well-trained Ph.D.s remained in 
this country. Now we are begin- 
ning to see a downturn in enroll- 
ment of foreign nationals in grad-*^ 
uate programs, and this, coupled 
with immigration restrictions, will 
certainly lead to a reduction in 
the total number of Ph.D.s avail- 
able to the U.S. economy. 

A second potential problem 
involves the question of whether 
students of top lf«ality are choos- 
ing science and engineering ca- 
reers. Right now, we just don't 
thave the da.ta to* answer this 
question. However, the British 
do collect such data. Their most 
recent findings indicate a decline . 
in the proportion of top students 



going into science and engineer: 
ing, with a corresponding in- 
crease in the proportion of top 
students entering other fields, 
such as medicine and. the taw. 
This is a reversal of a long-time 
trend in England that saw techni- 
cal fields as the first choice of the 
most qualified students. Is this 
change occurring in the United 
States as well? We just don't 
know. We should find out. Data 
collection for manpower forecast- 
ing should seek information on 
the quality as well as the quantity 
df students, 
i . 

Assuring Good Preparation , 

Even if an adequate supply 
of high-quality entering students 
is assured, we in ..jndustry still 
aren't assured of Jiaving the tal- 
ent that we will need.. Future sci- 
entist^and engineers must also* 
be prepared ^ith a realistic idea 
of the nature of the work and of 

. the opportunities open to them. 
This area is the one in which I 
see the greatest potential prob- 
lems. For one t^ing, it's a mat- 
ter of unfulfilled expectations. 
When, after foui; years — or 
eight — of intensive study and 
self-image buildings, often at 
great personal sacrifice, a gradu- 
ate can't find a position that will 

. allow himHo do the job he's been 
dreaming about, his morale and 
self-confidence are severely im- 
paired. This leads to loss of vi- 
tality and creativity, and, in some 
cases, to leaving the profession 
in which he has invested so 
much. 

A few years ago. Dean 
Frederick Terman of Stanford 
said! 

The typical holder of a new " 
Ph.D. in science, , and, to 
some extent, in engineering • 
4 as well has been trained for 
^ career that emphasized 
Oesearch, particularly basic 
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research conducted in an 
, academic envir(5nment. 
That is, faculty members 
have ' tended to pr6duce 
Ph.D.s in their own image, 
with only a minimum of 
thought as to the needs of 
the industrial sector of the 
job market.- Yet it is the 
industry sector that must 
be* depended upon to pro- 
vide employment for the 
bulk of the new Ph.D.s in 
the decade ahead. 

* Both a,cademic and indus- 
trial leaders have been aware of 
this problem for a long tune. But 
^*it has remained one of those 
areas where a lot more gets said 
than gets done. ' 



Changing Relationships 

It should be apparent that 
past relationships among the 
three major forces in graduate 
education — universities, indus- 
try,^ and government — will be 
changing and adjusting as the 
years go by. The decline in Fed- 
erally funded' fellowships ,from 
51,000 in 1968 to 6,600 in 1974 is 
a rather dramatic example. And, 
on . demographic considerations 
alone, it's obv^iis that there will 
be fewer academic openings than 
in" the past. • 

There have been some posi- 
tive steps to break down the bar- 
riers between the sectors that 
employ ^h.D.s. Some of oUr best 
scientists and engineers are serv- 
ing as adjunct professors right 
here at RPI and elsewhere, there- 
by (hopefully) bringing to the stu- 
dents some new perspectives. 
Our joint program with the Uni- 
versity of Rochester on laser- 
ignited fusion is just one example 
of indwstrial-ac£^demic-govern- 
mental collaborative effort. As 
another "for instance," General 
Electric ar\{i other companies are 
presently participating in a man- 
power-excliange program with the 



Federal government, 
are many more. 



And there 



see in which areas these people 
can perform best. Particularly, 
please don't weaken the tradition- 
ally strong B.S., M.S., and Ph.D. 
programs, the products of which 
we will ne6d more than ever. 



Improving Interchange 
• * 

But I'd like to encourage 
the universities to join in seeking 
additional innovative ways to- 
make academic and industrial sci- 
entists and engineers" more awaj:e-<^ Let me conclude, then, by 



Four Recommendations' 



of each other's jobs and cmI 
lenges. As I understand it, facul^ 
ty members are now reluctant to 
spend a year in industry, because 
they would earn no credit toward 
academic advancement. Yet, a 
year in industry certainly makes 
a faculty member much more 
aware of the real-world impact of 
both his research and his teach- 
ing. This just has to make him a 
better researcher and a better 
teacher. I hope the universities 
can find a way of recognizing 
this. 

There's' another potential 
problem in the preparation of sci- 
entists and engineers that I'd also 
like to taUc about. This is the 
proliferation of **technolo^ de- 
grees ' ' at the four-year level , 
This practice has grown to the 
point where one technology de- 
gree is now granted for every five 
engineering degrees. 

To me,, the technology de- 
gree indicates an education with 
high skill content, but with less 
emphasis on fundamentals than 
the traditional B.S. People with 
sucK preparation can be highly 
useful to industry in such areas' 
as manufacturing, installation and 
-servicing, and plant layout. But 
it remains to be seen how much 
they can contribute to solving the 
truly limiting problems of the 
next few decades — particularly 
in re search and j levelopment. 

> It seems to me that it would 
be unwise to go Overboard on 
bachelor of technology programs 
before industry gets a chance to 



summing up my recommen- 
dations regarding the future sup- 
ply of scientists and engineers: 

1) An important short-run 
need is for better data that will 

, enable us to project supply ade- 
quately. And we will need data 
on quality as well as quantity. 

2) Women and minority 
groups represent a large pool of 
potential scientists and engineers, 
and I am confident that the' 
nation will- make far better use of 
these talents than it has in the 
past. 

3) Universities shoqld not 
go too fast on producing ''tech- 
nology degree" holders.. The 

A^ast problems of the 197'ps and 
1980s — in energy, materials, 
and other areas — will require 
l^rge numbers of creative people 

•with strong backgrounds in fun- 
damentals. 

4) We must recognize that 
the greatest opportunities for 
using tomorrow's technical talent 
will be in industry. Having -rec- 
o^ized this, we must be more 
innovative and receptive to new 
ideas for .promoting the inter- 
change of ideas and people 
amon^ industry, universities, and 
government. 

Let me conclude by saying 
as a representative of industry. 
I assure you we will try to offer 
challenging employment to the 
best products of your universities. 
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